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Abstract 
 
The Enceladus plumes vary on a number of timescales. Tidal stresses as Enceladus revolves in 
its eccentric orbit lead to a periodic diurnal variation in the mass and velocity of solid particles in 
the plume. Tidal stresses associated with an orbital resonance with Dione lead to a periodic 
decadal variation. Aperiodic variations occur on time scales of months, and may be due to ice 
buildup and flow of the walls of the fissures that connect the ocean to the surface. We document 
these variations using all the relevant data taken by the ISS instrument from 2005 to 2017. Key 
questions now include how a 5% peak-to-peak variation in orbital eccentricity, which itself is 
only 0.0045, could lead to a 2-fold decadal variation in plume properties. Another question is 
how the plumes stay open if ice builds up every month and clogs the vents. Other questions 
include why the solid particles exit the vents several times slower than the gas, and why the 
speeds vary inversely with the mass of the plumes. The Cassini data are in, but the modeling has 
just begun.
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   Day   Symbol MA MA E Lon E Lon Thin 
                     start stop start stop  
       
2005 FEB 17    A 338 341 120 118 1 
2005 NOV 27    B 130 137 116 100 1 
2006 JAN 18    C 100 166 -96 -167 1 
2006 MAY 03    D 262 264 47 45 1 
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2006 SEP 15  ☉ 71 71 77 69 1 
2007 APR 24    E 75 80 128 122 1 
2007 SEP 30    F 289 293 71 67 1 
2008 DEC 26    G 38 38 -161 -161 1 
2009 MAR 21    H 107 107 -31 -31 1 
2009 OCT 13    I 196 210 -134 -134 1 
2009 NOV 01    J 84 168 64 56 1 
2009 NOV 02   K 181 190 -163 88 1 
2009 DEC 25   N 294 308 -20 -23 1 
2010 JAN 26    O 254 270 -26 -36 1 
2010 MAR 01    P 315 341 -98 -123 1 
2010 MAR 02   Q 351 357 -135 -142 1 
2010 APR 26   @ 252 252 -45 -45 1 
2010 MAY 17    R 1 1 -125 -125 1 
2010 OCT 16    S 96 121 49 34 1 
2010 DEC 20    U 357 42 154 50 1 
2011 JAN 30    V 334 2 141 106 1 
2011 OCT 01    X 177 190 -144 -156 1 
2011 OCT 19    Y 168 184 -141 -155 1 
2011 NOV 05    Z 162 177 -141 -154 1 
2011 NOV 06  0 178 178 -151 -151 1 
2012 MAR 27  3 105 146 -155 -155 1 
2012 MAY 01  5 81 81 -121 -154 1 
2012 SEP 03  7 225 239 -111 -111 1 
2012 SEP 24    ⍺ 350 9 78 70 1 
2012 OCT 17    β 350 9 -28 -37 1 
2012 DEC 09    δ 223 228 -31 -43 1 
2012 DEC 23    ε 218 218 47 44 1 
2013 JAN 18    ζ 248 253 65 65 1 
2013 FEB 25    ϑ 182 192 20 18 1 
2013 APR 02    ι 240 245 8 5 1 
2013 JUN 12    ϰ 122 138 89 75 1 
2013 JUN 24    ƛ 103 114 116 104 1 
2015 MAY 10    μ 72 140 -71 -130 1 
2015 MAY 31    ν 245 275 142 110 1 
2015 JUL 08    ξ 251 275 129 103 1 
2015 JUL 29    ω 214 321 145 40 1 
2015 OCT 14    f 51 57 -64 -67 32 
2015 OCT 15    g 217 279 113 59 6 
2015 OCT 28    h 155 165 141 133 11 
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2015 OCT 29    i 281 303 47 32 12 
2015 DEC 07    j 203 247 122 78 3 
2015 DEC 08    k 257 280 69 51 3 
2016 JAN 02    l 21 50 -43 -66 3 
2016 JAN 14    m 343 34 -44 -66 7 
2016 SEP 25    n 353 34 -107 -155 1 
2016 DEC 06    p 82 176 134 40 2 
2017 JAN 25    q 62 67 140 134 5 
2017 JAN 26    r 69 158 132 42 6 
2017 FEB 08    s 93 140 94 50 6 
2017 FEB 09    t 141 157 49 35 3 
2017 MAR 09    u 71 82 108 96 9 
2017 MAR 31    w 26 84 154 90 11 
2017 APR 27    x 26 87 138 72 7 
2017 APR 28    y 88 88 71 71 1 
2017 MAY 29    z 79 203 57 -38 2 
2017 MAY 30  0 214 14 -46 138 1 
2017 JUN 11  1 1 15 141 125 6 
2017 JUN 12  2 17 135 122 12 7 
2017 JUN 18  3 164 320 -15 -169 7 
2017 JUL 14  4 240 306 -92 -167 7 
2017 AUG 02  6 165 282 -33 -150 5 
2017 AUG 28  7 133 283 -18 -166 5 
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in three dimensions within Enceladus’ reference frame. In order to calculate the 
predicted location and orientation of any given jet in a given image, we used the spacecraft 
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navigation and pointing data for that image, taken from the corresponding SPICE system kernel 
files. Using this knowledge of the spacecraft’s position and orientation relative to Enceladus, we 
then project the three-dimensional jets into the two-dimensional plane of the image. To perform 
these calculations, we utilized standard NAIF/SPICE library routines developed for working with 
spacecraft geometries.  
Once we had used this tool to identify cataloged jets in a certain image, we could then project line 
segments representative of these jets of interest at their expected locations within other images. 
Each jet was held to a length of 50 km and projected at the pixel scale of the image in question. 
The above method automatically accounts for the effects of foreshortening on the projected jet 
segments. 
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 appear consistent across both images of Figure 9, but this 
single jet appears to vary independently. In principle, the apparent presence or absence of jets 
can be influenced by the particular viewing geometry of an image. However, the viewing 
geometries of the images considered here are quite similar (<25° rotation) and multiple jets 
remain visible at consistent orientations between the images in each pair. These similarities, 
combined with the fact that our routine accounts for differences in the apparent tilt and 
foreshortening of individual jets due to the image geometries, suggest that viewing geometry 
effects are likely not the cause of the individual jet variability we observe. 
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Many of the 2,405 images were taken too far from Enceladus to reliably distinguish 
individual jets, and only a few exist at high spatial resolution and similar viewing geometries. 
However, within the observations we found suitable to compare (which number less than 15 across 
varying degrees of suitability), we see evidence for discrete, aperiodic variability in all of them.     
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 2017 JUN 16 (day 3) 2017 AUG 2 (day 6) 2017 AUG 28 (day 7) 
Image number N1876468904_1 N1880373431_1 N1882621525_1 
MA 259 233.175 216 
s/c lon (same across) -79.957 -79.929 -80.124 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
Image number N1876461704_1 (same above) N1882625653_1 
MA  (same across)  233.212  233.175 232.690 
s/c lon -60  -79.929  -92 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT


  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT


 

ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
  

ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT

ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT

ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
Highlights 
• The particle plume varies by a factor of ten as part of the diurnal cycle 
• The particle plume varies as a mixture of 3.9- and 11.1-year cycles in eccentricity 
• The particle and vapor plumes may be varying together with constant mass ratio  
• Individual particle jets have lifetimes as short as several months 
• The particle launch velocity has varied on a timescale of several years 
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